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oA Correction of the Theory oftbeMoli* 
on of the Satelitco/ Saturn, by that In* 
veniom Aftronomer Mr. Edmund 

o 
H A L L Y. 

SIR, 

I here fend you an Aftronomical account ofthemoft remote of all 
the Planets of our Vortex, and withal of the naoft inconsiderable, 
I mean of the Satellite of Saturn, difcovered in the year 1655 by 
Monjieur Chrijlian Hugens of Zttlichem , who in that accurate Trea- 
tife of his Syftema Saturnium, from pag, z 5 to 34 gives us the Theory 
of its Motion as well as the fhortnefs of the interval of time between 
his Observations would admit ; and fince him J. know none that 
have gone about to improve the faid Theory, 

The late Conjunctions of Jupi'er and Saturn giving me frequent 
occahons of viewing tbem both, with a I'elefcope that I have of about 
24 foot , and pretty good of that length, 1 cafily remarqued this Sa- 
tallite of Saturn, and haveing found it, in a convenient po'ition to de- 
termine its place , I percieved that H u gen$\ numbers were confi- 
derably run out, and about 1 5 degrees in twenty years too fwift ; 
this made me refolve more nicely to enquire into its period $ and ac- 
cordingly I waited till I had gotten a competent number of Obferva. 
lions , the moft considerable whereof are thefe. 

1682. November 13 13 ^ oo'PM.the Satellite appeared on the 
North fide of Saturn, and a perpendicular let fall from it on the tranf- 
verfs diameter of the Ring , fell upon the middle of thfr dark fpace 
©f the following An fa s and the fame night 19 h 00' it had paft 
the fynjunttion, and the perpendicular fell exa&Iy on the Weflertt edg 
oithe<jlabe of Saturn, zsmTab.z. Figured. The Northern Lati- 
tude, and retrograde motion, made it evident that the Satellite was 
then in Perigto. 

Again 
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A^ain N-ramber 21 °. i6' n . 1 5'. this Satellite of .SW/^a was on his 
South Me, the perpendicular on die line of the An[<& fell on the 
middle of the dark fpace of theffeflern Anfa, and che fame night 
19 h oo' che perpendicular fell precifiy on the £«3/<rr of Saturn, and 
the difiance therefrom was foraewhat left than one diameter of the 
Ring ( as in F ig. 9.) by this it was evident that the Satellite was in 

I obferved it in Apog&o again on the 24th of January i<58 3, at 8 ''. 
oo' I'M. the perpendicular on the line of the Anf& fell exactly on the 
Wefiern limb of the Globe of Saturn, and at o !l 30' PM. the faid per* 
pettdicuUr fell within the Globe more than half way to the Center, 
and the difiance from the line of the Anfa towards the South feemed 
much about one diameter of the Ring, Fig. 10. 

Laftly, February^. 1683. & !l 10' PM. it was again in lAfog&o^ 
and I could by no means difcern towards which fide itenclin'd moft, 
nor whether the tranfverfs diameter -of the &Vg, or the diflance of the 
Satellite therefrom were the greater ; fo that at that time it was 
precifiy Ap9g&o.» t Fig. 1 1 . 

To compare with thefe, I chofe two out of thole oiMonfteur Htt* 
gjns, which feemed themoft to be confided in; the fuft made 
^-659, March 14'-' ft. n. 12'' 00'. at the Hague $ .when the SateU 
lite appeared about one diameter of the "King under Saturn, but ic 
was gone fo farr to the Weftward, that he concluded, that about four 
hours before, or 7 11 . 40'. at London, it had been in Verig&o. Fig. 1 2. 

Again \March 22 . 1659. io' 1 45'. the Satellite was a. whole 
^/<h»««- above the line of the Anf a, and the perpendicular thereon 
fell nearly upon the extremity of the Eaftem Anf*. See Fig. 6. 

Icouldwirtv that we had fome intermediate Observations, but 
there are none extant that I can hear of ; fo I proceed to the fearch 
of this Satellit's period. 

By the firft of my Obfervations it appears that the Satellite was in 
Perig*ioi6Sz November 13 . i*/ h oo*. circiter , at which time Sa- 
turn ms 3 s . 21'. 39' from the firll Star of Aries, in the Ecliptic^, 
but the Erfrtfc reduced to Saturns Equinoctial, and the Satellite was 
9 S .23°46'. a i a * T. And CWarch 4 1639. 7 h 40. Saturns 
place in \bs Ecliptick. was 6 s , o°.4i', but the £m£ reduced and 

consequently 
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confequentiy the SattUtteln n s . 28". 18' a prima Stella Arietis. 
The interval of time is 8555 dates, 9 hours, 20 minutes; in which 
the Satellite had made a certain number of Revolutions to the fixe 
Scars, a^d betides c/. 25 . 28', or 295 degrees, 28 mm. vvhofe £Ji»- 
plement to a Circle <54°. 32', is 2 daies, 20 11 , 36' motion of the Sa- 
tellite , according to Kugent. So that 8<558daies,s h ,56'or 12467870' 
minutes of rime, is the time of tome number of intirc %gvo(utions ; 
and dividing that interval by 15 daies 22 hour?, 39 minutes, or 
22959 min. (the Period oi Hugens) the Quotient 543 fhewes the 
number of Revolution-', and again dividing 1 2467 876 min. by 543, 
the 22961 ,£ min. or 15 daies, 2a h . 41'. 6" appears to be the true 
time of this Satellic's Ptriod. Hence the diurnal motion mWha 22 . 
34'. 38". 18'", and the Annual betides 22 Revolutions ic s , 20°. 43'. 
Having made Tables to this Period, I found that in the Apbgzon Ob- 
fcrvation of Hugens the Satellite was above 5 degrees fatter than by 
my calculus, and that in the three other Observations of my own be- 
ing likewife in the fuperior part it was about %\ degrees flowec than 
by the fame Calculation. Now *tis evident that thefe differences 
muft arife from fome Eccentricity in the Orbite of this Satellite, and 
that in CMareh 1659, the Apcromon (as I m?.y call it,) was fome- 
vvhere in the Oriental Semicircle, and that in November \6%% it was 
in thtWeftern Semicircle, and fuppoHng xhaApoCr onion fixe, it rnuft 
neceffarily be between 9s,23° 46 '.and iis.28 . 18'. a x** r that be- 
ing the common part between thofe tv.o Semicircles: and becaufe 
the difference was greater in Hugetfs ObCervation than in Mine, 
'twill follow that the Linea Apfdttm, or e/^fpem/w'c^fhould be near- 
er to 9 s . 13°. 46'. than to 11 s . 28 . 18', I will fuppofe ic s . 22 . 00' 
a prima Stella Arietis, ('which happens to be alfo the place of Saturn 
Equinox,} and the greateit aquation about 27 degrees. Upon the 
fcore of this inequality the mean motion of the Satellite will be found 
about 2 . 4j' tlower in 23I years., or 7 min.in zyear, whence I ftate 
the Annual motion t o s . 20 . 36' above 23 Revolutions, and the cot- 
reft Epocha for the laft day of December 1682 at Noon in the Meridi- 
an of London 9 s . 1 o°. 1 5 '. a 1 a * y, from which Elements I com- 
pofe the following Table, 
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Tabula Motm Medii Satellitis Saturni'i, 

tfZ>Hugenio invent} , a prima % y\ 



Am. 

Chriii. 
Curr. 

1641 
1661 
1681 
1632 


Epoch* 
S. 0, /. 


5 


iiot. , A^rf. 

s. 0. '. 
IO. 2 0. 36 

;. 11. 1 a 

8. 1. 4* 

7. 14. 59 


t .1/Df. i:td.\ 

J_5. 0. '. 


H, 
M. 

1 

2 

3 
y 

4 

5 


MotJUcd 
0. 1. 

A "• 
0. 56 

f 5? 
s. 49 

3. 46 

4. 42 


?' 

3* 
33 
34 
15 
36 
37 
3* 
59 
4 C 


Mo:M;A 

'. 'i. 

29. IC 

30. 6 

31. 3 

31.59 
32-55 

3 3- 5* 

34. 4 S 

35-45 
36.41 

37- 38 


8. 29. 17. 
IO.I4. IO. 
II.29. 3. 

to. 19.39. 


t 
3 

4 


I 

1 

1 
1 

4 


0. 22. 35 

1. 15. c, 

2. 7. 44 

3. 0. 18 


1683 
1684 
1685 


9. 10. 15. 
8. 00. 51. 
7. 14. 2. 


5 
6 

7 

8 


6- 5- 35 
4. 26. u 

3. 16.47 
1. 26. 57 


5 

5 

7 

S 

9 
10 
ii 
12 

l ? 
M 
is 
16 

*7 

18 

19 

IC 

2 1 

22 

13 
24 


3. 22. 53 

4. 15. 28 

5. 8. 2 

6. 0. 37 


6 

7 
8 

9 

IC 

11 
12 

*3 
M 
*5 
16 

J 7 
18 

19 
20 

21 

22 

*3 
24 

2 5 
26 

?-7 

2? 
29 

,30 


5. 39 
5. 35 

7. 3' 
$. 2S 


Menf. 

Com. 


Mot. Med. 
s. . '. 


9 

IC 

ti 
12 

M 

16 


I. 20. 23 
0. 11. 9 

II. 1. 45 
10. 14. %6 


5. 23. 12 

7. IT- A 6 

8. 8. 21 

9. 0. 55 


Jin. 
Feb. 
Man. 
April. 


0. c. o, 

». 9' 53 
8. 12. 2. 

7. ai. 56 


10. 2J 

11. 17 
I 2. Ii) 
13. IC 

'4- 7 


41 

4- 

4? 
44 
45 
46 

47 
4? 

49 


38.34 

39.31 
40.27 
41.24 
42. 20 

43-17 
44.13 

45.10 

46. 6 

47.1.3 

47-59 
48.56 

49- 5 1 
50.49 

5T-45 
52.42 

53-38 
54-35 
55-3 1 
S6.27 


9. 5. 32 
7. 26. 8 
6. 1 6. 44 

5. 29. 54 


9. 23. 3c 
10.16. 5 
U.8. 59 
0. 1, 14 

0. 23. 48 

1. 16. 23 

2. 8. 58 

3. I. 32 


Miii 

Jmil 
Jiilli 
Aug. 


6. 9. 1 4. 

5- *9- 7- 
4. 6, 26. 

3. 16. 19 


'5- 3 
16. c 

16. 55 

17. SJ 

18.49 


*7 

c8 

20 


4. 20. 3 c 
3. 11. 6 

2. 1. 42 

*• 14. «2 


Sept. 
Oftob. 
Govern. 
Decern, 


2. 26. 12. 

1. 13.31. 

0. 23.24. 
II. 10.43. 




3. 24. 7 

4. 16. 42 

5. 9. 16 

6. 1. , 51 


19.45 

20.42 
21.38 
22.35 
23.31 
24. 25 
25.24 
26.20 
27.17 
,8.13 


5 1 
5 : 

5 3 
54 
s-s 
56 

57 
5? 

sc 

6 c 


In Anno BilfeX 


til} bolt Te- 


bruarium addc unum di~ 
em 9 motumq> ci competen- 
tem. 


25 
26 

*7 

29 
30 

3 1 

n 


6. 24. 25 

7. 17. 00 
3. 9. 3 5 

9. 2. 

9. 24.44 

10. 17. 18 

TI. 9. 53 

0. 2. 28 
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I here fuppofe che Lt'nea Apfidum fixt,as having no arguments from 
Obfervation to prove the contrary, tho it be vet) probable that as the 
Afigtonoi our Moon has a motion about &c'8artb\n about 9 years, fa 
due t this Satellite ought to have about Saturn, but with a much 
longer Period, which future Obfervation may difcover. 

The diltance of this Sate/lire from the Qcnter of Saturn feems to be 
much about 4 Diamiteysoiihc &'*£, or 9 of the Cjlebe, and the 
plane wherein it moves very little or no thing differnng from trur of 
the ■&>£> that is to fay, interfering the Orkoi Saturn 4 s . 22°.and 
10 s . 2a . 4 1 J . * r, with an Angle of 1 3! degree s r fo as to be nearly 
Parallel to the £*r/£j Eqrytter ; whence the Latitude of the Apogdon 
Semkicle from 4 s . 22°. to 10 s . 22° olSatums Longitude, will be 
Northern, and of the other Semicircles Southern ; and the contrary 
in the other half of ^^raz-wZ-e^g;/*^, to wit, from 10, 22°. to4 s . 
2 2°of his ditlance from the fult Star of r. 

It follows now to fhew how by the help of this. Table to compute 
jhe place of this Satellite, to any time required. 

Firft r\ e mutt have the true Longitude of Saturn from the Earth, 
and nuanbred from the firtt Star of V, (or rather the place of the 
Earth viewed from Saturn together with its Latitude from the Crb 
o(Ssturu, but that being never fully f of a degree we neglctt it as a 
nicety) and therefrom fubflr.iB 10 s . 2 a . there remains the diltance 
of Saturn from this c&stnir.&ial poinr , flith which diftance 
as with the Longitude of the 5»»,.take out the Right Afcepjion and De~ 
clinatisn thereto -(2 3; degress being the obliquity common to both ) 
and to the 'flight ylfccnfion adding 10 s . 22°. tbefusnm fhall be. the 
Longitude of 'the Sateilh's Ap^g&ov. Then fay, As "Radius to/T/tfof 
the Declination^ \o 3 to the g.cateft Latitude in Apogao, or Per'tgxo in 
the parts of the femidiamter eft he Ring. 

Next collect the middle motion of the Satellite, and f:omit/}/£- 
flrall 1 o s . 2 2 ; the remainder {"hall be the meats Anomafy,\y\ih fl.hu h 
in the fable of the Moons primary Equation ; takeout the Equation 
anfwei'iug thereto , and the half thereof added or fubjlr.ifled to or 
from rhe middle motion, according to the Title % gives the truemoti* 
on of the Satellite, fronvwhich fubfiraH the Ap;g<un, and if the rf- 
tminder be more than 6 .%«■, the Satellite is Occidental 5 if ie.fsO- 
riental, and a? Radius to S/'/rf of the ren:aindcr t {o 8 to the Scmdiami- 
ters of the .&r<r j or 1 S, to the Semdiamtters of the (//c/v ; that the 
Satellite is to th-2 EaftmirdotU-tftmtrd oi the center oi Saturn, ac- 
cording to the afore-going Precept. 

Lailly, As Radius, to Co- fine of the faid remainder, fo is the 
grcateft Latitude from the, fe<? of the ^»fc, to the Latitude fought. 
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Here Note, that I purpofely negleft di£ Inequality of the diftance, 
arifmgirom the Eccentricity.) as being too fmall to be any way obfer- 
vable. 

LalUy to clear all difficulties that may arife to them that are but 
little vet fed in this fort of Calculation, I have added Two Examples 
of the work, that where the Precept may feem obfeure it tuaybtt 
thereby illuftrated. 

Anno 1657 Mm 19ft. n. Rugent ©bferved the Satellite very neat 
toSatmn on ihcWeilern fide,and very little above the line of the Anfa. 
1 fuppofe this about io h . p. m. Anno 1658 Martii u°. 1 o h fi.n. 
he ObferveJ it again, and fai.h of it, difficile confplciebatur , qu'ippe 
propinqulns admodum Sacurno,Oj7«rf«w fpetlabat, eratq; Antrum linek 
aliquatto inferior. & qmfifub Saturno tranjlturtts.. Let us now Calcu- 
late to thefe two times. 



1657 Mali 9 . 9 fl - 40'. Lond; 

Saturni LeCHS M- 28 . 57' 

l| a i a . .■* T 5 s - o. 32 

« ■■sEqtilnaft, fub. _* ~'. *■ ■? . Q'"> 

%l ab lAEquinvB. 0. b. 31 

Afctn. Rctta. — - 6. 7. ^o 
Apogdon. 4. 2,9. 

Declin, Aufi. 3, 



z« 



1658. Afor//7 1° io* 



1641. 

16. 
Mail 

9. 



40 



Mi. AAf. 
8 s . 2?°. 

5. 29. 

6. 9. 

6. 23. 
9. 



50 

23 

Satel 
'7' 
54 
J 4 
12. 

5 



Long. Med. Satel 

Apocron. 

Anomaha 

^Alquatiofub. 

Long. Ver. Satel. 

Apog&on 

Rejidmnt 

b. e. ante Apegtttm 



4. 10. 

IO. 22. 


42 
OO 


5. 18. 


42 
31 


4. 10. 
4. 29. 


It 

5° 



li. 



IO. 2 1 

ergo 2T<> Semid. Annttll adoccafum 
& f, ad Bar earn. 

In each agreeing 
Monfieur Hugens. 



Saturn! Locut 




a 1 6°. 2j' 


t^E.7 mnSlum 




5 s 17"' 59 

1© 1%. 00 


Afcen. ReEla. 


6. 25. 59 
6. 24. { 


Apogxon 
Declin. Attfi. 




S- 16. 5. 
lo. 4 




Af<«f. Mot. Satel, 


1641. 


8 s , 


, 2 9 . 17! 


,17. 
Marti \, 


4< 
8. 


, 20. 30 i 
12. 2 t 


i d . 





22. 34. i 


IO h 




0. 24 i 



3- 4? 

22. 00 



Long. Med. Satel. 1 1 . 
Apocron. 10. 

tAnomalla 

z/£qnatlo fnb, 

Lorg.Ver. Satel. 
Apogxon 

Refiduum 5. 17* 14 

h. e. ante Terig&on 1 2. 45 

bine provemt i~l Semid. Ann.adortum y 
& lYU <*d Anflrum five infra, 

exactly with the Description and Figure of 
Ma* I 



0. 


H. 

0. 


49 
30 


II. 

5- 


3- 
1 . 


5 . 
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1 here call the Plane of this Satellit's Orb, which hitherto I fup- 
pbfe the fame with that of the Ring, Saturns SquinoElial, not tha c 
any difcovery hath been able to prove that the Axis of that (jlsbe is 
sit right Angles thereto,but becaufe it has pleafed Mr. Hugens to call 
it fo, and likewife becaufe it is fo nearly Parallel to our globes Equi- 
noBid; Neverthelefs to fpeak my Opinion, I believe that the Axis 
is inclined, and that not a little, to the Pteeofthe King', for as 
the reflection of the Suns light from the Ring is a great convenience 
to that Hemifthere of Saturn, which beholds its illuminate fide"; fo 
the other Hemijphere is very much incommoded by the fhadow of the 
Ring , which for many Months , and in fome Parallels for fe- 
vcralTw.TjOccafionsa continual Night by the interception of the 
Suns beams, which is a confequence that demonstratively follows 
the polition of the Kingm the plane of Saturns Equator,' Now this 
great inconvenience would be in fome meafure relieved by the ob- 
lique pofition of the Axis, for then the Parallels of Latitude inter- 
fering the plane of the Ring, many and in moft cafes all of them, 
might for fome time in every 1>iutnal revolution of the <j lobe free 
themfelves from this Eclipfe , which other wife were fufficienc to 
render thisGlobeol Saturn unfit for any fettled habitation; but this is- 
but conjecture. 

The other Two Satellites of Saturn discovered by Signor C a Jfi»i& 
'Paris Anno 1672 and 1673, I muft confefs 1 could never yet fee. 
I have been told that they difappear for about f of Saturns revolution, 
and were only to be feen when the Anf& were very fmall , it being 
fuppqfed that the light which proceeds from the Anf& when conside- 
rably opened might hide thefe Satellits, In the year 1685 when the 
Anfc will be quite vanifhed, will be a proper time to look after 
them, that fo wemay bring their Motion to Rule, -and know where 
to find them , for want of which knowledge 'tis likely they are at pre-* 
fent not to be found .. 
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